Electrostatic Interactions Modulate the Structure and Dynamics of Calcitonin Gene-Related Peptide  by Sizemore, Sara M. et al.
54a Sunday, February 3, 2013276-Pos Board B45
Calcium-Induced Folding of Intrinsically Disordered RTX Proteins:
Implications for RTX Toxin Physiology
Ana Cristina Sotomayor Perez, Daniel Ladant, Alexandre Chenal.
Institut Pasteur, Paris, France.
The past decade has seen a fundamental reappraisal of the protein structure-to-
function paradigm because it became evident that a significant fraction of poly-
peptides are lacking ordered structures under physiological conditions. Ligand-
induced disorder-to-order transition plays a key role in the biological functions
of many proteins that contain intrinsically disordered regions. This trait is ex-
hibited by RTX (Repeat in ToXin) motifs found in more than 250 virulence fac-
tors secreted by Gram-negative pathogenic bacteria. We investigated here
several RTX-containing polypeptides of different lengths (all derived from
the Bordetella pertussis adenylate cyclase toxin, CyaA). Using a combination
of experimental approaches, we showed that the RTX proteins exhibit the hall-
marks of intrinsically disordered proteins in the absence of calcium. This intrin-
sic disorder mainly results from internal electrostatic repulsions between
negatively charged residues of the RTX motifs, as revealed by the measured
mean net charge. Calcium binding triggers a strong reduction of the mean
net charge, dehydration and compaction, folding and stabilization of secondary
and tertiary structures of the RTX proteins. We propose that the intrinsically
disordered character of the RTX proteins may facilitate the uptake and secre-
tion of virulence factors through the bacterial secretion machinery. These re-
sults support the hypothesis that the folding reaction is achieved upon
protein secretion and, in the case of proteins containing RTX motifs, could
be finely regulated by the calcium gradient across bacterial cell wall.
277-Pos Board B46
Vibrational Labels used to Examine Changes in Disordered and Modular
Protein Structures through Binding Events
Casey H. Londergan, Alice R. Vienneau, Shannon R. Dalton.
Haverford College, Haverford, PA, USA.
In proteins with large conformational distributions, new techniques are needed
to reveal the conformational distribution in arbitrarily complex systems. Vibra-
tional spectroscopy of functional groups on protein side chains can reveal the
distribution of environments around the minimally perturbative, often very
small probe group. We use the CN stretching band of the artificial amino
acid cyanylated cysteine to report on binding-induced shifts in the local confor-
mational distribution of two proteins: calmodulin, which displays extreme
modularity in its quaternary interactions with binding partners, and alpha-
synuclein, whose membrane-bound conformational distribution varies depend-
ing on the lipid system. In each case, new microscopic details related to the in-
terplay between a dynamic protein and its binding target are revealed that could
not be seen by other techniques.
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Structural Divergence Exceeds Sequence Divergence for a Family of
Intrinsically Disordered Proteins
Wade M. Borcherds, Stepan Kashtanov, Gary W. Daughdrill.
University of South Florida, Tampa, FL, USA.
Several sequence based evolutionary analyses have concluded that many intrin-
sically disordered proteins and disordered regions evolve faster than ordered
proteins. However, there are only a couple of studies that demonstrate the phys-
ical consequences of this rapid evolution. The transactivation domain of the tu-
mor suppressor protein p53 (p53TAD) is an intrinsically disordered protein
with some transient helical structure that is stabilized by binding to partners
like the E3 ubiquitin ligase, MDM2, and the 70 kDa subunit of replication pro-
tein A, RPA70. The secondary structure and backbone dynamics of five mam-
malian orthologues of p53TAD were investigated using nuclear magnetic
resonance (NMR) spectroscopy. Significant differences in secondary structure
and dynamics were observed in the binding sites of MDM2 and RPA70 be-
tween the orthologues. The degree of transient helical structure observed in
the MDM2 binding site was directly related to amino acid substitutions occur-
ring on the solvent exposed side of the amphipathic helix that forms in the
bound state, with dog, cow, and mouse orthologues having the lowest fraction
of transient helical structure and the fastest backbone dynamics. Differences
were also observed in the RPA70 binding site with the guinea pig and rabbit
orthologues showing significantly higher propensity for transient helical struc-
ture than the other orthologues. Clustering analysis shows greater divergence in
secondary structure than expected based on sequence divergence. However,
strong correlations were found between the backbone dynamics and the se-
quence identity of the orthologues. This result is consistent with a previous
study from our group and suggests that the dynamic behavior of IDPs is under
positive selection.279-Pos Board B48
Investigating Allosteric Coupling Mechanism in Constitutively Active
Human Glucocorticoid Receptor Two Domain Construct
Jing Li.
Johns Hopkins University, Baltimore, MD, USA.
Glucocorticoid receptor (GR) is a hormone dependent nuclear transcription fac-
tor. It plays key roles in organ development, metabolite homeostasis, and stress
and inflammatory response. GR is composed of three major domains, the intrin-
sically disordered (ID) N-terminal domain (NTD), the DNA binding domain
(DBD) and the ligand binding domain (LBD). Several human GR translational
isoforms differing only in the lengths of their ID NTDs with finely tunable tran-
scription activity have been identified.
In my project, through thermodynamic analysis of the ID NTD constructs of
different translational isoforms, we found that full length GR NTD can be
viewed as having at least two thermodynamically coupled regions, a functional
(F) region, indispensable for GR transcriptional activity, and a regulatory (R)
region, whose length serves to regulate the stability of NTD, and thus the activ-
ity of GR. F region and R region are negatively coupled to each other [1].
Truncation of LBD from the full length receptor removes the hormone depen-
dence of GR transcription activity, and generates the constitutively active GR
NTD-DBD two domain constructs. From investigating the NTD-DBD two do-
main constructs of different translational isoforms by in vitro biophysics assays
and in vivo luciferase activity assay, we are on the way figuring out the coupling
mechanism between the DBD and ID NTD.Allosteric coupling mechanisms
derived from our experimental data makes it possible to build the Ensemble
AllostericCouplingModel (EAM) to explain the finely tunable activity of differ-
ent GR translational isoforms, which cannot be accounted for by the binding
energetics between the different isoforms and the GR response element.
[1] Jing Li, et al. Thermodynamic dissection of the intrinsically disordered
N-terminal domain of human glucocorticoid receptor. J Biol Chem. 2012.
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Investigating the Self-Aggregation of a Polyalanine Peptide: Kinetics and
Isotope Edited Studies
Ivona Sasimovich1, Thomas Measey1, Siobhan Toal1,
Reinhard Schweitzer-Stenner1, Sean Decatur2.
1Drexel University, Philadelphia, PA, USA, 2Obelin College, Obelin, OH,
USA.
Exploring the extended b-sheet structures associated with protein aggregation
is pivotal for a clear understanding of the factors governing fibril formation. We
have recently identified three short alanine based peptides with unusual capa-
bilities to form amyloid-like fibrils in solution, namely Ac-AAAAKAAY-
NH2 (AKY8) and (AAKA)4 and (AARA)4. Oligoalanine peptides of these
sizes typically exhibit either a statistical coil structure in aqueous solution, or
if long enough, a-helical conformations. The fibril formation of AKY8 can
be monitored by a strongly enhanced amide I’ Vibrational Circular Dichroism
(VCD) signal, which we have shown is due to helical twisting of stacked b-
sheets. Due to the inability of the non-tyrosine variant of AKY8, (i.e. AAAA-
KAA) to aggregate, we hypothesize that the self-aggregation of AKY8 is pro-
moted by cation-p interaction between lysine and tyrosine side-chains. In order
to further examine this aggregation mechanism we use Isotope-Edited Infrared
(IR) and Vibrational Circular Dichroism Spectroscopy (VCD), which provide
site-specific structural information and intra-stand registry of the peptide. First
results indicate that there is indeed an in-register arrangement of parallel b-
strands in AKY8 with lysine and tyrosine residues aligned between stacks.
We also investigate the surprising aggregation of the amphiphilic and posi-
tively charged (AAKA)4 peptide which aggregates and forms hydrogels at mil-
limolar concentrations and acidic pH. Interestingly, kinetic studies on this
peptide indicate that b-sheet aggregation lacks a nucleation phase. At low con-
centrations, these peptides decay into disordered structures, according to ECD
and IR spectra. At higher peptide concentrations however, this decay is not ob-
served, while some relaxation is still operative, possibly due to a rearrangement
of the sheet-like structure. We find that the arginine variant of this peptide, i.e.
(AARA)4, also aggregates to form hydrogels, however, this peptide has a long
lag phase.
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Sunday, February 3, 2013 55aCalcitonin gene-related peptide (CGRP) is an intrinsically disordered, 37
residue neuropeptide that acts as a potent vasodilator. It is a member of
the calcitonin peptide (Ct) family, together with amylin, calcitonin and
adrenomedullin. Understanding how sequence variations affect the conforma-
tion and dynamics of these genetically and functionally related IDPs is of
considerable interest. While the secondary structural preferences of these
peptides have been experimentally determined, the tertiary structural prefer-
ences are more challenging to detect due to fast reconfigurations of the back-
bone over a wide range of conformations, and to the very low solubility of
certain Ct family peptides. High resolution time-resolved techniques are
needed.
We use a nanosecond-resolved spectroscopic technique based on tryptophan
triplet quenching by cystine to detect tertiary contact formation in CGRP under
varying solvent and temperature conditions. Using this technique we had pre-
viously found that conserved structural elements of amylin and CGRP induce
compact states, characterized by short end-to-end distances(1,2). Here we com-
pare contact formation rates of wild type and mutant CGRPs with different net
charge. We find that electrostatic interactions modulate the degree of compac-
tion of CGRP. The observed difference between CGRP and amylin can be ra-
tionalized in terms of electrostatic interactions. Interestingly, even with a net
charge of þ6, CGRP remains more compact in aqueous solvent than in dena-
turant with high ionic strength, indicating strong attractive intra-molecular in-
teractions. Overall our data are consistent with a common mechanism driving
compaction in CGRP and amylin, with electrostatic interactions modulating the
degree of compaction in CGRP. We discuss our findings in relation to second-
ary structural preferences of these peptides and discuss their possible functional
role.
1 Vaiana S.M. et al. Biophys. J. 97 2009.
2 Sara M. Sizemore et al.2012 Biophys. J, Supplement, Abstract.
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How a Simple Sequence Change Induces Antipodal Folding Characteris-
tics: Ac-Ala19-Lys D H
D Vs. Ac-Lys-Ala19 D H
D
Franziska Schubert, Mariana Rossi, Carsten Baldauf, Volker Blum,
Matthias Scheffler.
Fritz Haber Institute, Berlin, Germany.
Protein structure formation is guided by the (free) energy landscape. From this
viewpoint one can imagine two antipodal cases [1]: A structure-seeker is
directly guided to the native state by a steep and deep folding funnel, while
a glass-former exhibits multiple competing minima in the energy landscape.
We here concentrate on two related peptides: Ac-Ala19-Lys þ Hþ, a known
helix former [2,3] versus Ac-Lys-Ala19 þ Hþ, which is suggested to form
compact, globular structures [2]. To find low-energy minimum conformers of
the potential energy surface, we apply a two-step massive structural search,
starting with force-field based replica exchange molecular dynamics
(REMD) and following up with REMD based on density-functional theory
using the PBE functional corrected for van der Waals interactions [4]. We
show that Ac-Ala19-Lys þ Hþ is a clear a-helical structure-seeker, while Ac-
Lys-Ala19þHþ fulfills the characteristics of a glass-former exhibiting multiple
minima in the energy landscape that are similar in energy.
The predicted low-energy structures are all compact, but with significant helical
content. This explains similarities of experimental IR spectra [5] of Ac-Lys-
Ala19 þ Hþ to the helical Ac-Ala19-Lys þ Hþ.
[1] R. S. Berry et al., PNAS 94, 9520 (1997);
[2] M. Jarrold, PCCP 9, 1659 (2007);
[3] M. Rossi et al., JPCL 1, 3465 (2010);
[4] A. Tkatchenko, M. Scheffler, PRL 102, 073005 (2009);
[5] IRMPD experiments: G. von Helden, P. Kupser, K. Pagel, F. Filsinger,
G. Meijer, Department of Molecular Physics, Fritz Haber Institute
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Thermodynamics of an Intrinsically Disordered Protein by Atomistic
Simulations
Daniele Granata1, Fahimeh Baftizadeh Baghal1, Carlo Camilloni2,
Michele Vendruscolo2, Alessandro Laio1.
1SISSA, Trieste, Italy, 2University of Cambridge, Cambridge, United
Kingdom.
Abeta40, the 40-residue form of Amyloid beta, is an intrinsically dis-
ordered protein which is involved in Alzheimer’s disease and prone to form
fibrils.
We explored its conformational landscape by atomistic simulations in explicit
solvent and NMR-guided metadynamics, an enhanced sampling techniquebased on the experimental chemical shifts data that allows predicting the rela-
tive free energy of the different states involved in the folding process of
a protein.
This approach provides a picture in striking consistency with experimental
NMR measurements, with the global free energy minimum consisting of
non-compact and disordered structures.
However, the free energy landscape includes also a large amount of partially
folded conformations with a relative high secondary structure content and
a free energy only 3 kcal/mol higher than the disordered minimum. This struc-
tural characterization of Abeta40 provides a library of possible metastable
states which can be involved in the aggregation process and used as targets
for docking studies to design inhibitors to bind the Abeta fragments in order
to prevent their fibrillation.
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How do Nearest-Neighbor Interactions Effect the Conformational
Distributions in Peptides?
Siobhan Toal1, Reinhard Schweitzer-Stenner1, Karin Rybka2,
Harald Schwalbe2.
1Drexel University, Philadelphia, PA, USA, 2Institute of Organic Chemistry
and Chemical Biology, Johann Wolfgang Goethe University, Frankfurt,
Germany.
For structural predictions of intrinsically disordered proteins (IDPs), knowl-
edge about intrinsic propensities of amino acids must be complimented by
information on nearest-neighbor interactions. To explore the influence of
nearest-neighbors on conformational distributions of amino acid residues,
we preformed a joint vibrational and 2D-NMR study of selected GxyG
host-guest peptides: GDyG, GSyG, GxLG, GxVG, where x/y={A,K,LV}.
The choice of D and S (L/V) for the x (y) position was motivated by their
documented ability to drastically change the distribution of alanine in xAy tri-
peptide sequences in truncated coil libraries. Five J-coupling constants and
amide I’ profiles of the respective IR, polarized Raman and Vibrational Circu-
lar Dichroism spectra were analyzed using a superposition of 2D-Gaussian
functions in Ramachandran space representing sub-ensembles of pPII-,
b-strand-, helical-, and turn-like conformations. Our analysis of the amide I’
profiles exploits excitonic coupling between the local amide I0 modes in the
tetra-peptides. Our results reveal that D and S particularly alter the conforma-
tion of their downstream neighbor. In a recent study, these amino acids were
shown to have an unusually high preference for type I’/IIb and asx-turns. A
direct comparison of the ensemble obtained for serine in GSAG, GSLG and
GSG reveals that A and L cause the asx-turn population to be mitigated in
favor of more extended pPII/ b structures. Upon insertion of these ‘turn-form-
ing’ residues, alanine’s conformational ensemble is modestly changed (shift
from pPII to b), while the position of pPII and particularly of b is shifted to
lower c-values. DFT calculations indeed show that the forced reduction in
c for A increases the H-bond distance for serine in the asx-turn conformation.
Taken together, our results indicate that Dx and Sx-motifs might act as con-
formational randomizers in proteins, attenuating intrinsic propensities of
neighboring residues.
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A Study of Intrinsically Disordered Proteins from Nuclear Pore Complex
Jianhui Tian1, Anton Zilman2, Sandrasegaram Gnanakaran1.
1Los Alamos National Laboratory, Los Alamos, NM, USA, 2University of
Toronto, Toronto, ON, Canada.
Nuclear pore complex (NPC) is giant molecular assembly that acts as a highly
selective gate. Its central channel is composed of FG repeat-containing nucle-
oporins (FG nups), which are natively disordered proteins that facilitate the
passage of receptor-cargo complexes through the NPC. However, their mech-
anism to facilitate selective transport is still unknown. We carried out molecu-
lar dynamics simulations of single and multiple FG nups to unveil their
dynamics and structures. As an important aspect of our studies of intrinsically
disordered proteins (IDPs), we made extensive comparisons between two pop-
ular water models, TIP3P and TIP4P-Ew, in combination with Amber ff99sb
force field to simulate different IDPs. We found that TIP4P-Ew combined
with ff99sb gives better reproduction of experimental observations for FG
nups. The reason is because of better solvation of water model to charged
side chain of amino acid residues. However, we also identified a caveat of cur-
rent force field by studying the mutated form of FG nups. We found that the
shape of IDPs is much closer to a rod-like shape regardless of whether they
are extended or collapsed, which could be a signature of IDPs. Then, we ex-
plored the interaction of multiple FG nups to show that the arrangement of
the FG nups can be different depending on the inter-chain distances. We
